The actin content of membranes prepared from cultured chick embryo fibroblasts has been measured on polyacrylamide gels. 
ture. A shift from the nonpermissive (410) to the permissive (360) temperature results in an increase in the percentage of total cellular protein synthesis devoted to actin production, so that the decrease in membraneassociated actin appears to be a selective displacement from the membrane rather than a general decrease in total cellular actin.
Alterations in the plasma membranes of cells have been associated with transition of the cell from the normal to the transformed state. Transformation is associated with changes in cell shape (1) , membrane transport (2), agglutination by plant lectins (3) , and contact inhibition of growth (4, 5) . A number of recent studies have reported either increases or decreases in individual proteins identified as bands on polyacrylamide gels of plasma membranes of transformed as compared to normal cells (6) (7) (8) (9) (10) (11) (12) (13) (14) . While such studies characterizing the difference between these membrane constituents are clearly of very great interest, it is often difficult to assign specific functional significance to these altered polypeptide patterns. However, we have focused our attention on the characterization of a single band in polyacrylamide gels arising from membranes of normal and transformed cells which we have identified as actin. Here we report that virus-induced cell transformation is associated with a decrease in membrane actin content, even though the total actin content of the cell is unchanged.
Actin is known to be present in a wide variety of nonmuscle eukaryotic cells (reviewed recently in ref. 15 ). Actin-containing microfilaments are seen close to the plasma membrane in the electron microscope and microfilaments have been shown to contact the plasma membranes of acanthamoeba (16) and intestinal microvillae (17) . Recently, actin has been chemically identified through its tryptic peptide map in plasma membrane preparations of 3T3 mouse fibroblasts and HeLa cells (18) and antibodies to fibroblast actin have been shown to bind close to the inner surface of plasma membranes in several cell types (19 jected to electrophoresis on polyacrylamide slab gels or on disc gels in which case 100 yg of protein were applied. In both cases the gel system used was that described by Laemmli (23) . After electrophoresis the slab gels were dried and the position of the labeled proteins determined by autoradiography. Three independent methods were used to quantitate actin. (i) The slab gel autoradiogram was scanned and the area under the actin peak was integrated and divided by the total radioactivity applied to the gel column.
(ii) Membrane proteins analyzed by disc gel electrophoresis were stained with Coomassie Brilliant Blue, scanned at 550 nm, and the area under the actin peak compared to the area under the total scan. (iii) Membranes were analyzed on disc gels, and the gels were cut transversely into 1 mm thick slices and the radioactivity in each slice measured. Percent of radioactivity as actin was determined by dividing the radioactivity in the actin peak by the total radioactivity in all slices. For purposes of comparison among different experiments, the value obtained for nontransformed cells was normalized to 100 and all other values compared to this.
Tryptic peptide maps of the presumptive actin bands from polyacrylamide disc gels were prepared as previously described (18) . The band which migrated in the position of pure actin was cut out and the protein eluted in the presence of 0.5 mg of added purified chicken muscle actin. The protein was precipitated with trichloroacetic acid, digested with trypsin, and analyzed on thin-layer cellulose plates by chromatography and electrophoresis (24) . Ninhydrin staining material represents carrier muscle actin while autoradiographic spots represent presumptive actin arising from chick embryo fibroblast membrane. Tissue culture materials were obtained from Grand Island Biological Supply Co. [a5SImethionine, (7.5 ,Ci/ml) and 4C-labeled amino-acid mixture, were obtained from New England Nuclear Co., phenylmethylsulfonylfluoride from Sigma Co., and thin-layer cellulose plates from Brinkmann.
All other compounds were commercially available reagent grade. The Rous sarcoma virus and its temperature-sensitive mutant, TS-68, were the generous gift of Dr. H. Hanafusa.
RESULTS
The initial observation on which the subsequent experiments are based is shown in Fig. 1A . Membranes prepared by the method of Perdue (21) results are not significantly different from the slab gel autoradiographic scans of Fig. 3A . The differences observed between normal and transformed cells are, therefore, probably not due to artifacts in the method of quantification. The data of Fig. 3D are the same as those of 3A except that total cell homogenates rather than membrane vesicles have been analyzed. There is a small decrease in total cellular actin in transformed cells, but not enough to account for the much larger decrease in membrane-associated actin.
In order to see whether a shift in temperature could account for the change in membrane-associated actin at any period during the transition from the normal to transformed state, cells were pulsed for 3 hr periods after a temperature shift-down. The results for both uninfected and TS-68 infected cells are shown in Fig. 4 . At all times following the shift from 410 to 360, there is an increase in the percentage of total protein synthesis devoted to actin for both uninfected and TS-68 infected cells. We conclude that a temperature shift cannot account for the decrease in membrane-associated actin. Indeed, under at least some circumstances the temperature shift may partially mask the true magnitude of the intracellular actin redistribution.
The reason for the apparent discrepancy between these data and those of Fig. 3D in which total actin content decreases is not entirely clear. However, it may be related to the fact that the short pulses of [35S]methionine in Fig. 4 should reflect primarily the synthesis of new actin, whereas, longer labeling in Fig.. 3D will also take into account the rate of degradation (25) . Transformed cells may have increased proteolytic activity (26, 27) and the data would be consistent with a simultaneous increase in both synthesis and degradation of actin. (31) .
DISCUSSION
The phenomena of transformation, cell motility, and contact inhibition may thus be related through the effects of cyclic AMP on microfilaments and their interaction with the cell membrane. In addition, any role played by actin in contractile processes is likely to involve myosin as well. It should be noted that the myosin content of a transformed rat kidney cell line is decreased to one-half that of the normal cell (32) .
However, further work will be needed to clarify the role of actin and myosin changes in transformed cells.
